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(57) 

[PUS] rt^SifeoW^v^-ftiHj^k-^^ftu- 

HJSfc^fnWS^T'mSa^I n x A l,Ga,.,.,N 

rS-GaNJ: U ^N'UTJiO^T^V>{i— StC 

GaNctO^VVNVK^-vyTSr^rrS I n x A 1 Y G 




O 
O 



&-9J 
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[f«*«n **±fc#jfc3flfc-**I n x A l y G 
a!.,. Y N(XS0, YSO. X-hY^l ) A^&SS 
7 FJIi. HRzU n x A l^a,.,., 
N (XSO, Y20, X + YS1 ) A^=3r&¥3*#3fcEfl 
CiiWIi:. -«5U njAljGa!.,.^ (XSO. 
YSO. X+YS 1 ) A^&£-JI££fi?g!?yi<D#P 

ttJft, HKjU n x A l Y Ga,- X -»N (XSO, YS 

0 , X+YS1) A^=5r.&¥l3l*3tKtji46®t . -HK 
SIn x Al r Ga,.,. v N (XSO. YSO, X + Y^ 

t'^^GaNJ: 0'h$<. ;N'"jTJf<7)£:T&m±-gB 
(CGaNJ:'3^W<yH^r /r$-*-r& I n,Al, 

a,.,. f N(X20, YSO. X + YS 1 ) 
1g3!iNB4s?5-y Kfflfc. H&* I n x A IjGa,.,., 
N (XSO. YSO. X + YS1) 
t&tbMt. —RSI n,Ai I Ga l . I .,N (XSO. 

yso , x+ys i ) frh%h-m*ti\m&m<?>#F 

tSJft, n,AI,Ga,. M N (XSO. YS 

0. X + YS1 ) *^^^¥3?*3feKtii46»fc, — fi2 
ainxAl,Ga,.,. s N(XaO, YSO, X + YS 

1 ) *^^rSaHEM¥3Sf*:^ 9 v FJf **fTfe«I^T'^ 

^■yT^GaNJ:0/h$<. ftSftiitfjJf «0£Tj£v^i 
— SSKGaNiO^^VV^yh'^-v/TSr*^ I n x 
A 1 „ G a , . , . , N £ ffl O 6 CI i: "f & W- 

[f##JS3] SgitM?WiHRain,Al y G 
a,.,.»N (XSO, YSO, X + YS1 ) 
«S^*«c^5 y Flit, HRain,AI,Ga,.,., 
N (XSO. YSO. X+YS 1 ) *»f>^*^NI«:3fcBl 
tS&ftJffc. -«jU n x A l Y Ga,. x . Y N (XSO. 
YSO . X + YS 1 ) fr^Z-mttlim&McOXT 3 

ttSfc, H&rU n„A l f Ga,. x .»N (X10, YS 
0. X+YS1) A>^&6¥$#3fcS!tjiaWi^ HR 
St I n x A I ,Ga,.,.,N (XSO, YSO, X-HYS 

(f«*«4 ] SfiLLfc#l£3itt:HR5i; In,Al,G 
a,.,. t N(X20. YSO, X + YS1 ) *^^rS3l 



«M^f*:7 5-yFSfc, -«3U n^UGa,.,., 
N (XSO, YSO, X + YS1 ) t*t>%h¥m#tftm 

tii^Sfc. -msZl n x A l v G ai . x . T N (XSO. 

yso, x+ysi > frt>+s:h— mttt&immnwF 

ttSi:. — n x A l«Ga,.,.,N (XSO. YS 

o. x+ysi ) fre>%&*m#%ffit&iib!3t, -~m 

5U n x A l,Ga,.,.,N (XSO. YSO. X+YS 
— tf&^f. 

[if*JI5] 2ffia(0In,Al Y Ga,. s . ( NgS)!)> 

t *¥mbi-&m#m i ieK<75^«fru— *fm^. 

[fft#>£6] n x A lyGa^^jNKfl*' 

at-r*is*«2ie«j<7)^tt:u— fss^p. 

TMbrvv VISCOSES K=*r -V y rKfflp«9-C#FJl*><o 
«<t*»:fi!-5-C. ZSHW^'Ttc^-f H^vTIWS 

{000 1] 

&MI n x A l Y Ga,- x -»N, XSO. YSO, X + Y 
Sill/- f*^t=BJtS. 
[00021 

nm&mmm&ffl 1 4 t^-r. -9-7 r ^ tcb^sioi 

i^GaNiSiS^N'-y^r-iSlOa (J¥$30nm) . S i K 
-TniGaN (J5S3//m) K^nln^^h 
®103. Si H-rnIIn 0 ., s Ga,. 9 ,Ni!i>f.5:S^ 

y-/?m±m (JS^o.i/zn) tsi H-rniAi,.,, 

Ga,. i3 Nl <J5S0.4jum) *»^>5:6 nl?5 -y h'Sl 
04, S i F-rnMGaNJS (J5S0.1/im) a^&S 
nM^tii^aiOS. ryh'-TcOI n ( .,Ga,.sN 
#FS (^S2.5nm) tTyF-7*<0I n 0 ., s Ga,. 95 

n/\'u TJt (Jf $ 5n B > *>f>^ & 7 mm^mM.^wm 

tt«106, MgK-rplGaN (J5S0.1//m) *>^^r 
«.pS3KWta«>«107, MgF-rpSA l 0 . 07 Ga 
0.93N (ff$0.4xxm) *>iji4pi;7'i' F«108, M 
gF-TpSGaN (J?$0.2«m) pf3V 
^^FJ1109. IfeSyilKh Ni (Sf-JB) aL^Au(m 
^B)A^^&P«fiillU T i (SS-Jf > ifctfA 1 m 
ZB) n«ffill2-CmSfl.-CV%SU— tf«l)tT' 

«>o. M^flKstio. m.&'WA&m (mmm^mm 

Jth=4. 6KA/cm* > 0 . 5 4cm 
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LIED PHYSISCS LETTERS). S&6 93£. 1 5 6 8H. 19 
96*£) . 

[0003] Hftfc. P^**<^8Ht:<.i#F&£*ilte 

GaN 7 T-J1102 (Jf$30nm) , S i V—T 
nSGaN (J?S2^m) A^SrS nl3 V* 7 FJflO 
3. Si K-rniAl,.„Ga 0i9 ,N (JS§0.4*tm) 
H^Jnl;?* FJB104. S i H-7nlGaN 

(*S0.1«m> *>^Snfi3KfHtji»«105. 7XH 
-7V>I n 0 . 2 Ga 0 8 N#FiB <J5S3nm) fcTVF- 
1 n 0 . os G a 0 . 95 NA'J riB(J?S6nm)*>/S>^rS4J^ 
J«O£S3^#FvStt®106. MgH-rplGaN 

(ffSO.Utm) *»<5>^rSpfi3Kmtji«>«107, M g F 
-7pSA l M jGa,, 9! N (j?$0.4;unn) 
p£?5y F/I108, Mg H-7piGaN <J?§0.2// 
m) *'^Spl3y?? FJ1109. Ni 
t/Au(SBIlJI);&»*>$:£ptgS6111. *6SailO, Ti 

<S5-Jf ) 1 (SI^JB)a»f>5:i>nSffill2T'^c 

[0004] ztx^m&m<tm&<t&m i mwv--v ! 

m=Flt. /n-'JTS(c<±I n x Ga,. x N(0. 
0. 0 5, JIS5~6nm)*«MV^H. 3fcEf! 
IC(±G a N (J?§ 0 . 1 um)#m^t>tlX\i&. 
[0005] 

[?6Bji*<&?ifcLJ: 9 fc-f SPSS] ±3fiUfcJ: 3te. 
cDgM^fc^^jSttU-^St^i. f£5|WA I Ga 
Asl^A 1 Ga I nP3%L— if-^ tf-FSPKlt^ 

iot). ft&»{k&me>-tzttf*imx'$,*). fi^# 
F«JtT-tf>rtS5«3fc«i 5 c m-i « . 

[0006] £*uc*ru gft^ik^w^ftu— r 

SHPfc-Jswcii. ±&Lt:£olz, S^#FS£«f>L 

[0007] *ffcB#£^u, ^coish^, s<t«>awfc£- 

Sfc^frl n»A l,Ga,.jt.»N (XS0. YSO, X 
+YS 1 ) ^iRiR^tttcft&ifcSrm^ajt^. 015 
(;» GaNga. I no. 05G a 0 . 9s NfctliK Al 0 .isG 
a 0 . 85 Ne^t:fcft&?aiR^^.^h;WSr*-r. HI 5K 
^t&GaNSs^^lR^^h^Caa-r&i:. Ga 
N<0AvKJft77'(iIMt«36 2nm) i 9<K 



H$. U—m ;t-F<Z>3&®fc££4 2 0 nmttS 
L Ga NISIi-tlitfM Ocm" 1 CD©©* 5 *) 9. In 
o. 08Gao.95NJS.fiu A lo.isGa 0 .8sNt£ B B B-C{i, ■£ 
n-en7 0cm" 1 , 14cm-' 05iRlRA*fiR£"$"S . iiX 

fc&JSOft^ta^KJ: 0 . Ztl±X'<?>U—m 

Y^&vhtt&m&WTiX'^h^htfiWi^K. 

fc<r><&^*)V%-mt,z®.W)<&>Z>Z\ t , -5-L-C£<0(&x 
4</U^-awtRJR{i#JS^ff : SL-rv%S*<. flic. 

[0008] . w— rr-r *- h<o 

<on&. 

[0009] *ZX-*m&>El!Mt. ^Sfi^FvStt 
[00 10] 

[SBa^JBSUf Sfci'x^a] ^l<Of6BB<i, mWLklz 
mfttZtltl-fS&tl nj Al»G ai . x .,N (XS0, Y 
SO. X + YS1 ) *^^S*mS^#:^9 /H« 
— SfcSI n x A lyGa^x-yN (X20, Y2 0. 

n x A l,Ga,.«-»N (X§0, YS0, X+YS 1 ) 

A l y Ga,- x -»N (XSO. YSO, X + Y^l ) *>A> 

,. X - V N (XSO. YSO. X + Y^l ) a>t>&£#« 
5 -y Vmt*m§fflU¥X'&f&.Zti.t:*mtoU 

—rm^X'hix. wwmwov*?* -/y^G aN «t 

wvCyH^-wrSrW-^S I n x A 1 Y Ga,- x .»NS:ffl 

[ooii] m2<7MWti, mfckizBf&ztu-z-fSsa 

I n x A l,Ga,.,.,N (XSO. YSO, X + YS 
1 ) j&^&SaWM^SWt^-y FJfi:. — iR^I n x 
A t»Ga,.j.,N (X20, YSO, X4-YS1) 1f>h 
*&*mfr%ffitii!?>mb. -JK^I n,AI,Ga 

,. x . v n (xao. yso. x+y^i ) frhtch—m 



(4) ^fSl^l 1-307866 



,-x.yN (XSO. YSO, X-t-YS 1 ) A^^-S.^ 
#Xmt&shmt. HRjU n x A l,Ga,.,.,N (X 

so, yso, x+ys i ) fi^+chmgm^m-w?? 

ot, #FS<?)>'<>'HdfA-7 7'*«GaNJ:0'h$< . ft 
W t jiWS^T i£t ->«±-gStC G a N J: 0 W< X F 
3^ ••/rfc^rf 6 I n x A l 1( Ga 1 _ x _, ( N£JBv^.rfc 

[0012] f&3<0f&B/Bi. 3SfiLh{3jeM$iX*:-J&£ 
I n s A I Y Ga,. H N (XSO, YSO. X + YS 

i ) frt>%hmim*mifc? y vmt . hrss i n x 

A 1 j Ga^j.y N (XSO, YSO. X-t-YS 1 ) 
^S^fr^tii^JSt. -JftsSI n»Al,Ga 
,.,.,N (XSO, YSO. X-hYg 1 ) frbKb—m 

l8£ r )mi$.Zti&iS1imb, -m^l n x A l»Ga 
,. H N(X20, YSO. XfYS 1 ) 
#%mt&ibmt. -HRiU n,Al«Ga M .,N (X 

so. yso, x+ys i ) frtztchmmsi^mfr? ? 
w\s— fm^izm-rz. m4<^Ma. mLtiz&f& 

Zixtz—fcUl n x A l v Ga,.,.,N (XSO. YS 

o, x+ysi ) frt 3 %&mwm.*mi*7 : 7 y) i mb, 

HRsU n x A l,Gai-«.«N (XSO, YSO, X + 

Ysi) frb%h*mtewmbji&>mt . -hrzU n, 

AI,Cai. H N (XSO, YSO. X-I-YSDK 

Ga,.,.,N (XSO. YSO, X + YS1 ) 
*m#%mt2&mt, n x A 1 Y G a l . x . y N 

(xso, yso. x+ysj i ) frt>*zmi§m¥&ft 

< . .aoJiiaftlS tS&mnm&t: 0 . 05jk mJJlTi: 

[0013] JJEm<OX01££VvCtt. 2«3KO I n 
,Ai, Ga,.,., N&8,frb%&mm-lZ J: otvSIUl 

rt^N' y r® $Bf&.-t& z t & . 

[0014] ±ie^2<0fKB(C*JV^-C«, 2S®<7) I n 
, A 1 » G a,. x . Y NSS*^=3rl.*HS^t=«fc o-CftPBt 

[0015] 4fc. ±iag52<^BH{ctjuT»±, ftB5t 



[0016] -fstic^m^—f <o l % v mm^s. 
^ y^-r s - 1 c «fc o < -rz c t a^nsT* & . 

tfimknitX-iki K> . hi"- H jJ-7<OW&i . TIE 

[0017] u—m*- Fnmft&^mmt. s 5 
tut,. mti£. $mmico*mt*i'-~fm : ?-x*ymg: 

mmz. wmzitfhzttfsimx'hr). ism^u—v* 

im^-rh±x-m.m^mntmth. 

[0018] &tmmtt.it%t i m#i'-' tf^^tv^su 

TV^JKHfc^oTV^. u?tA*o-c^<yrJB- s wto 

[00 19] 

[fgH^njfi^BS] ^WM(rmm<ommz-o^x . m 
mmizm^mmi^mLxmBizmmth. (%t& 

Ml ) 01 Rtf02 Srfflv^TIS 1 ^O%BH<OllSS0yS:SiHg 
fFrrWX-$>2>. 

[0020] -^7r^rcanS«l±tCGaNA.y7r 
-«2 (*330nm) . S i H-7nIGaN (y'Ja^ 
iRK4X10> 7 cm-3. JgS2jum) K^nlav 
^^h«3, S i H-rnlAl u Ga 0 , 9 N 
yjaS4xlO l7 cm-3. Jf$0.4Atm) frt>%:2> nl 
SiK-rnlGaN (v-yn>i8JK4 
x 1 0"cra-', JOfSO.lwm) nM3tffl tii 

*6«5. I n M Ga ( . 8 NJfFl (J5S2.5nm) tAl 

0. 05 g a 0 . 95 N^y rm (s:s5nB)*»<i>^:srv H-r 
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^SS^#Fvgtt®6 (#F&7fll) . MgH-rpI 
G a N (Mgj»JK2x 1 O l7 cm" 3 . ^^OAum) 
L>%hvm.%ffil$tf>mi . Mgh'-rplAU.jG 
a 0 . 9 N (Mg«JS2xl O l7 cr 3 , mZOAum) 
^Sr&pS:?^ KJI8. MgK-7piGaN (Mg 
»JS2x l O l7 cm- 3 . J?£0.2jum) K^rSpln 

[002 1] <XlZ, K7"<X7fy^:J:0ntS12 

n«fi&12£^j£"t£, J6IM1 0£Jfe£f£. * 

-£TN i/AuH^plffil 1 
[0022] maM 1 OBft*3Mfc**4Hif*cP--1«R 

limmz&^T'VJTmt LTAl 0 , 05 Ga 0 . 95 N$: 
tSLfei 3K*i»*04 2 3 nmtli. AyrilT 

[0023] imtm2) ®iRxm3&m^x»i<n 

[00 24]f7r^7CIS«l±(:GaNA' 7 7r 
-S2 (J?$30nm) s S i H-rnIGaN (is*)oy 
lgJK4xl0 17 cm- 3 . J5$2/zm) j^£>&& nS^ V 
S i K-7nSAl 0 .iGa 0>9 N (v-'Jn 
>i»S4x 1 O l7 cm-3, ||[$0.4^m) Ki^nl 
?^>yKJ!4 N S i H— 7*nMGaN (^ya>-aiJg4 
XI 0 l7 cm" 3 . ^O.ljtxm) n^tPBtii 
y>®5. I n 0 . 2 Ga 0 . 8 N#FJl (J¥£2.5nm) tAl 
o. osO a 0 . 95 U ra(i?$5mn)^A>5r^r V F— 7* 

^mi^F^sttse <#f»4<!) . MgK-rpi 

GaN (MgJSK2xl 0 I7 cm-3, Ji^O.l^m) 
^£r&pS3fcHtiitf>;f 7. MgH-rplAl M G 
a 0 . 9 N (Mg«Jg2X 10 17 cm- 3 , mZOAura) 
t>&$>pM7y v MgK-TpSGaN (Mg 

?SJg2xi 0 17 cm- 3 . S£0.2jum) #>£>3:&p£!r7 

9 vm 9 zm<%&g:2-£x . LDmiki:Bf&tz>. 



[0025] H^X7fv/(:i9nS6l2 
ft. SSSLfcnSn^^hJSiCTi/A 1 6 

n«fli 1 2 & . less i o zrnmk. * 

^*&J£JBl 0_Bc. pi3y^;M9t3^^h$ 

[0026] 55^2<OfiYtft*ft-&«^#:V-'r» 
fl-^S^FSOMEJtl^^^^^I 

LTA 1 o. 0 sGra 0<96 N£fflV\ H^yT-fctff 
CixtCctO. il 5(c^Lfc±5£»ffiiftfitf>4 
2 3nmtll v<y TJIWayDWsMifclfe^L. 

[0027] (HM^I3) aiS.t^4Srffl^T^20 
fMH^SWWfcKW*. MUZ. aWB*0***U-- 
1f»W«HBKaSH'r*0. 04 li. C^**W-if 

[0 0 28] t7 7>f7CBiSl±fc:GaNA'7 7 7 
-JI2 (JSS30nm) % S i H-7*nIGaN (i^ny 
SUS4X 1 O l7 cm- 3 . J?£2jum) K^l»nl3y 
*7VM3. Si K-7niAl u Ga 0 , 9 N (y'J3 
>i§j£4x 1 0 17 cm-3 % J5£0.4/zm) nl 

K«4. S i K-/n$A l 0 . 05Ga 0 .9sN 
•J 3>«JS4X 1 0 17 cm-3 % JS^O.l/xm) frt>tfih 
nS3ttPBI^aa6®5, I n 0 . 2 Ga 0 . 8 N#FJ§ (/?£2. 
5nm) fc I no.osGao.esN^N'yradiSSnm)^^^^ 
rvF-r^S4^#Fn§tt«6 (#FS7M) , Mg 
h'-rplAl 0J8 Ga 0 . 95 N (MgjfiUS2x 1 0 17 c 
m-3, *S0.1/zm) j^fc*fepffl3OT &&*>/■ 7. M 
gH-rplAl 0<1 Ga 0i9 N (Mgi»S2xl 0 17 c 
m-3 x j|$0.^m) «>^&pS^9^HJ|8. Mg 
K-TpIGaN (Mgi«2xlO l7 cm- 3 , J¥$0. 

ti. t7T>f7S8SfflV^ GaNlfi, SiCI 

[0029]»:(:, H^Xyf-V^fcJ: 1 ) n^Sil 2 
SaL^nl3y^^M±l:Ti/A la^^S 

<^«SJiio±(c:. pm?>-?7hm9t3y?i7bz 

[0030] ^2fl5ft«-ft^**W*^-if« 
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ZtllzX*). mi 5lZ^Lt:J:ot,Z&MtilM:CD42 3n 

*i± 2 i c m- 1 1 %~>tz . mritsasisieK^^^si* 

U-if S^Kifc^T 3 3 c m-i t><3flSS»jfe#«#'L 

[003 1] 01S.t^05S:ffl^T^2<O 
f&Hjfcofg 2 coHSfi^ S-I&BJH- £ . 12 1 <± . 

[00 32] t7r-frCISSl±(:GaNA 7 7 T 
-M2 (H330nm) . Si H-rnIGaN 
«JS4X 1 0 17 ctn-3, 2jum) *>£>$r6 niS:J> 
*7hJ13, S i K-rnMAl 0 .,Ga 0 . 9 N (y'j3 
>-iiS4x 1 0"cm- 3 , J5$0.4jum) *»<b^rl>nS 
S i F-Tn^A lj.05Gao.95N (x 
•J 3>iftK4X 1 0 17 cm-3. JSSO.lAtm) 
nS3tfflt3i«)ii5. In,.sGa M N#Fi(fS2. 
5run) t I no.osGao.ssN^N'yrJKIS^^Ax^^S 

rvH-r^sa^#F?Si±Ji6 <#f&4{S) . Mg 

K-rpSAlo.05Gao.95N (Mgi&g2x 1 0> 7 c 
J?S0.1//m) pSftKD&tfJJI 7, M 

gF-TpgA l 0 .,Gao. 9 N (Mgi8«2X10"c 
m-». J5S0.4/xm) HWpi?7-/ K«8, Mg 
F-7plGaN (MgiftS2x 1 0"cr', i¥SO. 
2/im) a^&SpM:3y??KJf 9£m<Ju£:IIS-e 

it. t7r-f7SS$rfflV^*5, GaNSS, SiCS 

[00331 SK. K5'fl7fy/l:iD n«Sil 2 

ft, KffiLJtnS^V^^ f-flil;Ti/A 1 
nmffil2£JE&£-fS. -7J. f&tSJf 1 0£JEfc£f£. * 
<0fg»iil 0±(C, pM3V^7hJ19i:3y^^b$ 
*TNi/Aui^SpSffil lt&l&rh. 

[0034] m&mwmtm^izmimfru-^m 
iimmzti^xxmt'fehmt lxa i 05 g 

a 0 .9sN?rffi^, V4Y** v7tt.t:'nr,tz. ZtliZj: 
9, Sl5^U^J:atC^S«[S<04 2 3nm-CI±, 
3£H t32^Jf TWifiiBW^ L . rtSWS&tl 2 0 

X 2 5 c m- ' t OrtS«*#«^L*:. 

[0035] (ns£g>i5> mi&xm$zm^xwi3<?> 

[00 36] t7r-f7CIMlit:GaNA' 7 7T 
-S2 (mS30no) . S i H-TnlG a N (^'Jnv 



iftS4x 1 O l 'cm-'. J¥$2jum) ng! 3 V 

Si K-rnffiA 1 0 .iGao. 9 N (v-yn 
yiftS4x 1 0"cr 3 . JI30.4x<m) S nl 

?5-yN'JI4, Si K-rnlGaN (y'j3>aS4 
xion cm -3, /?£0.Uem) nlBfcWtii 
*>J15. I n 0 . 2 Gao. 8 N#Fii (ff£2.5nni) tin 
0. osGao. n** x ) TS(If S3na)*»^^rST V h'-T^S 
S^#FSttii6 (#Fa7{l) . MgK-rplGa 
N (Mgjgjg2 X 1 0 17 cm-3, J5S0.1//m) 
^pfi3tKtja^>a7, Mg K-^pffiA 1 0. |Ga 0 . 9 
N (MgffiJ£2x 1 0"ctn- s , J5$0.4>ttm) 
Spl/"77Hi8, MgH-7pSGaN (MgiftS 
2X1 0 17 cm 3 , J¥$0.2jtzm) *><iiipl3y^ 

fc. *3fc6SWT«. t7r-f7S«ifflv^ 
*<, GaNSS. SiC3£«*^f6<0£«£ffivvti, 

[0 0 37] mz. VU^-yf-^riZi.*) nm&i 2 

ft. SaiU^nM3V^i7h«±{cTi/A l*>t>3rS 
1 2 SWtS . IfttM 1 0 ZBrfttk. * 

(ntmmiOhiz, pl3y^M9!:3^;b$ 
tTNi/AuH4SpSffil lim&-th. 
[0038] m&M 5 COSft^Yt^M^flsU—lf * 

Tit. mzimmnft*<?>miL>temiti!Mi¥mfri'- 
■rs^tcit^, ±ie««tc*j ^x->< y sr 3 n m t 

L. SJK^SrtfoTt. dixlckO. ^N'yrJBT-<0[RiRA< 
rtSSS*(i2 4cm-«i:^r-o^:. S^ie^cSKiaa 
(Dm^m^U—r^iZit^X 3 0 c m-i tcOrtSS 

[0 0 39] £53c0H9H;:*5Vvr, /<yrs<o/?${i5 
n mJaTT*>S i b 0 , »^ L < it 1 n m- 
5nm, J;t}»*U<ti3nm~5nmT'*S. 

[0040] (5fe»tfif«6) ®i&im7zm^xm3co 

ftW<r>m2<r>mim*:m-*. 0111 3)c«bHo^I«eU 

— fzw7)mmwmx'b*) . mut. zco*m#u- 

[004 1] VyrJ TCjBmfiLl±.iZG!±N/<-,7T 
-M2 (W$30nm) . Sib'-7nIGaN (y'Jay 
jftS4xl 0"cm" 3 . &Z2vm) H45nl3>- 
?7M3« S i H-7nlAI 0 .,Ga 0 .,N (i/'Ja 
yiSX4x 1 0 17 cm-3, J5$o.4jum) )!pf)«nl 
^7-/F®4, SiK-7nIGaN (y'j3yiS4 
x 1 0"cm-'. &ZQAvm) 1}>t>%h nS3tWt>i 
4^J15, I no. 2 Ga 0 . 8 N#F/l (^S2.5na) t I n 
,. 05 G a 0 . 85 N/<y TEWS 3no)*^^S T> K-r 
^SS^#F»Stt«6 (#FS4<1) . MgH-7 P l 
GaN (MgiS2x 10"cm- 3 , ^S0.1//m) 
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4>**pffl#*!taWl7, MgF-rpfiAl 0 .|G 
a 0 . 9 N (MgigJS2x 1 0 ,7 cm" 3 . j?£0.4jum) 
fe«r*pffl^5v K*8. IVIg H-7*pIGaN (Mg 
jgJK2xl 0 17 cnr 3 . »S0.2jum) *»fe*&pffia 

rf>\ GaNIS, S iCra&£aA0>Stt£JBtvrt, 

^Jis&a-Ctt* v #m6WC:fc V *Ttt K - 3/ ^fc 

[004 2] act. H^Xvf^WOntffin 

»aSL^nl[ay^^hJi±«CTi/Al*»4>3Sr* 
n«ffil 2frJHCT6. 0£JBl£«. * 

[0043] JS«W6^a^!ft^^^*U'--if* 

tt/^ JbB«W*c*$v^'CUTJi»*3nmi:L. WR 
ft^ffofc. £*ICJ:9.. '*yT«W«BbW*^U 
rt*»jfett2 8 c m-i t%~?fz. matmi^mwu 

--fswcjt^r 1 7 c m-i t^)rtaa»*3&««^Lfc, 

[0 0 44] (**«7) HiaiXH8^^TJB4<0 

[ 0 0 4 5 ] *7 r 4 TCmWSL 1 ±«CG a N/t* 7 r 
-JB2 (j?§30no) . S i K-rnfiGaN (S/'jay 
3U&4X1 O l7 cm-3, g$2/zm) ^WI.nSa^ 
Si K-rniAl 0tl Ga 0i9 N (y^ 
>igj£4X 1 0 17 cm- 3 . J?$0.4/zm) *><9^nl 
^7vHl4, SiH-rnaGaN(H3>*JE4 
x 1 0 17 cm-3. l?£0.03jum) nfi3W!fcS 
#>JI5. I n 0 . 2 Ga 0 . 8 N#FJI (J5S2-5nn) £ I n 
o. o5Ga 0 , 95 NA''j r«(/f S 5n«)*><5>**r> K-T 
^ftS^#F*£ttJS6 (#FS7ffl) . MgH-rpi 
GaN (MgM2Xl 0 17 cnr 3 . i?£0.03/-im) 
£*£pSft^t&*>JI7. MgK-7plAi 0il G 
a 0 . 9 N (Mgjg£2x 1 0 17 cm" 3 . J5$0.4/xm) *> 
$>$r£pffl?7*y KJ18. MgK-rpfGaN (Mg 
ajK2xi0 17 cm- 3 . ^£0.2jLtm) «»'6&6p&=i 

fr\ GaNIfi, SiCWR«rif^>ft^)WRtffiV^Tt 

[0 0 4 6] JRfc:. F?^Xyfy/tJ:9nmil2 
ft. *tBLfcnja3^^hJi±fc:Ti/Al*»fe«r* 



nSSl 2 JMtS . — 1 0 J:Mfi <£ 
co|&*&110±^ pSr?y*7hil9£ny??h$ 
ttNi/AuK^pSSl 1 
[0047] ^gft«ft^»ft^-ft 

Kit*. ±iB««^^T3tWtiii6«^i?Si&0. 0 

[0048] *4<?)»W^*5V^T. 3tffl^ai6iSOJ5$ 
W0. O5iumJaT"C**-fc3& < 'ia!"C*0. #4L< 
WO. 0 1-0. O5jumT**0** £*£^#F*£te 
JB<*)#F*(Cfc^**fc»* #FS#l-4«Di§-£ 
WO. 025-0. 0 5jum^ctO»4L<. #F«^ 
5 — lOflDJMHiO. 0 1-0. 0 5Atm^<fcO#* 
L<. #F8W><1 OffltttLMteliO. 0 1-0. 0 

[0 04 9] (HUM 8) H12«AH9S:fflVvCSl4tf> 

*^»2*>«m*^r*. hi a. *«wco^» 

[0050lt7r^rCIiSliCGaNA' 7 7r 
— J12 (J? ?30nm) , S i H-7nlGaN (yV^y 
«US4X 1 0 17 cnr 3 . f§2/zm) K*l>nlny 
Si K-rnlA l 0(l Ga 0f9 N (S/»J3 
yM4X10 17 cm" 3 , H$0.4jum) nl 
;77KB4, S i H-rnSGaN (^yn>aWE4 
x 1 0 I7 cm" 3 , J¥ ?0.03jum) A>6£ft nS3tBBta 
*>JS5. I n 0 . 2 Ga 0 . 8 N#FJf (J?S2.5nm) I n 
0. 05 G a 0 . 95 y TJB(S$ 5 nm) TV F-r 

^fi£^#F*Stt«6 (#F»4H) , MgH-7pI 
GaN (Mgi8JK2X 1 O l7 cr3, J¥$0.03jum ) j&» 
fe^:^pS5tlSta^ii7. MgH-rplAl 0iI G 
a 0 . 9 N (Mg«Jg2X 1 0 l? cm-3, i?§0.4^m) j&* 
^«PS;77 KJ18. MgK-TpSGaN (Mg 
igJg2X 1 O l7 cnr 3 . J9$0.2jum> *^^pl3 

y^^h«9^M»^£S$*r. ^mm&^m-h. 

tK GaNSSs S i C36«^:if<^8iC0^S:m^Tt) 

[oosnaac, K^x^y^fciOnmsB^ 
nSriy^^ h«3 Srss^wcsa^-e* 

BasLfcnSay^^h^fcTTi/A 1^4>*S 
n«S12«:JWW*. feSiilOSr^fi&f*. <£ 
(^ffig/110±fc:. pm3>?7hm9bz2>'??h$ 
itX N i / AuH^-S pSS 1 l$:^^t^. 
[0052] «SCT80S<k^{fc-S^4^*^~if« 
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umtlX. mmtZff^ti. Ztllz£*). ftmti&b 

m?&mmn*mteu--fm?izit'<T; 3 0 c m-i to 

C0053] (Stt8W9) Hiatal Ofefflv^TJBl 

[0 0 54] 1f7 7>f7ClSfil±iCGaNA'7 7 7 
-»2 (ffS30nm) , Si K-7nIGaN (y'jny 
IJS4X1 O l7 cnr 3 . mZ2um) K4:6nl3y 
?7h«3. Si K-rnlAl0.iGao.9N (yya 
>igj£4X 1 0 17 cm-3, JS§0.4/zm) ^^^r^nS 
;9 7Hi4, SiH-rnlGaN (^J3V»«4 
x 1 O l7 cnr 3 . mZOAum) *>^>«r* nffl3BBta 
tf>»5, I n 0 . 2 Ga OJ N#F8 (J?$2.5nm) fcHl 
0 <^)X^-A'y K J^t J: P ^G a N/A 1 0 . iG 
ao. 9 Njra^yr»(*3 5rau J|JVftl:l)*6«r« 
rvH-r^Si^#F«ttS6 <#F&7®) . Mg 
K-TplGaN (Mg«Jg2X 1 O^cm" 3 . J?£0. 
1/zm) fr6«r&pSB6mta»»7. MgH-r P I 
A l 0 . iGa 0 . 9 N (Mgffl|2xi 0 l7 cr 3 , 
4um) KWpI;77 MgH-rpSG 
aN (MgiRS2Xl 0 l7 cnr 3 s I?$0.2//m) 

«tmv^*«. g a NSfi, s i cmmzt'comcomm 

Zm^Xi**^. iti. *¥tmz&^Xl±Xffltl&tt>m 

[00 5 5] H?-fiyfy/lcJ:0ntBl2 

SL StKL^nMn^^^hili^Ti/Al^^^S 
nSffil 2Sr»*r*. — *\ t&IM 1 0SrMS> * 
*>«»«l 0±e::. pSnv^h^fc^^h;* 
ftN i/Aua>£>2r&pSflgl l£Jgl£*r&, 

[0056] i^g^ 9 <7>mmmt^^&\s-^m 
-WFfcit^. ±em*M*irvt><y r«t ltg a n 

/A I o.iGao. 9 NjBS^SrfflV\ 7^fK^^rfl:fc 
4 2 3nnrCJi. Ay TJi^ffllJR^^ffitCjS^L, F*lSS 

[0057] (xitm o) si&i^ii ltm^xm 
2<r>wj\<nm3v>mmz^. muz. #m&>¥m 
&u-^m^mmmmx'*>*) . inn z<v*m 



[0058]f7r^ TCm&fo 1 ±^G aNA' 7 7r 
-S2 (if £30nra) . S i K-rnSGaN (^U=r^ 
»^4X 1 0 17 cm" 3 . 15$ 2// m) K^r^nl^y 
9?VM3. Si K-rnSAl 0 ,,Ga 0J N 
>i&£4X 1 0 l7 cm- 3 . U$0.4Mm) fr$>*ch nl 
7^-yFJ!4. 01 vO-KSr^-TJ:^^ 
S i K-7-nMGaN^S i K-7A 1 0 . 1 G a 0 . 9 N t 
coMfe? (>' , ;3yM4xlO I7 cm-^ J5£0.1^ 

nu mmttui) frb*znmy&mt&#>m5, in 0 . 2 

Ga 0 , 8 N#FS (HS2.5nm) I n 0J5 Ga 0i85 N 
/<>J TJi(J»8 5rm)frt>%ZT> K-r^SS^#Fv£ 
tt/f 6 <#FR7ffl) „ HI lcOx*/Mr-^K$r* 
t«t^MgH-rpSGaNi:Mg H-TA 1 0 . 1 G 
a o . 9 Nfc0MB»y (MgSlJS2XlO l7 cm- 3 . 
O.Lum, KiSitl:l) pS&fflk&^I 7 „ M 

gh-rplA lo.1Gao.9N (Mgig2x 1 0* 7 c 
m" 3 , BZQAjum) pM? 7 v F«8 . Mg 

H-rpIGaN <Mg3U£2x 1 0 l7 cr 3 , J?£0. 

tt* t7 7-f TS&Srffl^tf. GaNifi, SiCS 

[0 0 59] K54xyf-v^fcJ:»3nmSEl 2 

nSny^^ h«3 Sr^mKKffiS-fctt: 
f*. Sffil^nl^y^^ MfchfcTi/A 1^£>3:& 
n*«12«MW4. ffiSWlOSr^figa. * 

iirTN i/Au*^?5:-5pffiflil lSrJK^^o 

[0060] iasw 1 0 <^mmmt^^m^-^f 

GaN/Alo.jGao.gNg^fflK »7-f 
»^04 2 3nm-C(i;. l£mK^®X'<ni&lR&3MtZ%i 
t^co^lfr u -if ^^(zit^T 3 3 c m-i t^rtSSa 

[0061] ($mwi 1 ) mimtmi 2*m^x& 

^U-if*^fllJtBrBpg|'eftO. 121 2li. Cio^ 

[0 0 6 21 t77>f7CSiSlJ:{:GaNA'777 
-«2 (if$30nia) . Si H-/nlGaN (y'Jny 
SS4X 1 0 ,7 cm-3, J5^2/xm) A^Sniay 
Si h'-rnlA l 0J Ga 0 . 9 N(y'j3 
yfflg4x 1 0 l? cm-3, H$0.4^m) K5:l>nl 
;7-/Fl4, S i H — TnSG a N ( v'U 3VJ8S4 
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x 1 0 17 cm" 3 , mZO.lum) frhtch tii 
^5. I n 0 . 2 Ga 0 . 8 N#FS <J5£2.5nm) t I n 
0.02A lo.o6Ga 0 . 92 N/^'yTJI(Jl$5nlll)A>£>5:S7 
>-^•-T£fifi^#F^SttJf 6 <#F&7H) . Mgh' 
-rpIGaN (Mg«Jg2X 1 0"cra-', JI£0.1 

l,.,Ga 0 , s N (MgjftJg2x 1 0 17 cm-s, J£$o.4 
*«m) A^=3rSpM^7-/H«8, MgH-rpIGa 
N (Mgigj£2x 1 C'citi" 1 , m S0.2jum) irhtz 
hpm.nv?9Ym9*mtK8L : &.Z*tT. LDtfJJtSrB 
mtt. Srfc. *HJSCTT(i. mm. t7r-f7M 

£fflv^#, GaNifi, s i cmmKiKnmnmms: 

[0 0 63] iXIZ. F9^x.yf->-^j:0n^fiil 2 
n^ffil 2£^Jttt&. — te^t® 1 OSr»(Ett. Z 

[oo64] msfeisi 1 1 nmwtomt&wmKi'—r 
-if^trtt^.. ±immzm^T/<v rmt tr i n 

o.o2 A l 0 .o6Ga 0 . 9 jNSrffl^ s V-f F=¥> -/ZTiti^r 
->tz. ZtilzX*). 01 5lc^L*:ioKI&Sj!fcfl<*>4 
2 3nmTli. #B! t^JBT<a"KJK#*ISfc:«* U . 

rtflSM&U2 9 cm-'t^^:. isrtexiSKiSiicofiiJfoT) 

tCifc^T 2 5cm-' tcOrtSflfc** 5 ** 

[0065] (mmmi2) miRv : mi3zm^T& 
tmtou—rmmmmmmmx'b*). mint. z<» 

[0 0 66] t7T J (7CESgl±CGaNA'./7r 
-Jf2 ()?S30nffl) , Si K-7*nIG a N (y'j3>' 
58S4X1 0 17 cm-3, g§2/itn) fr^Snlay 
S i K-rnlA l 0 .,Ga 0 . 9 N (y'J3 
>T&£4X 1 0"cr', H$0.4jum) nl 
?5-y KJ14, S i K-rnlA l u Ga,_ u N (flU 
OSuSO. lt*->T, mi 3lZJFti.0l.Z9 3-/ H 

3y»g4xi 0"cm-», SSO.ljwm) n 
m$8lt&#>l§5. I no. 2 Gao. 8 N#F® (l?S2.5n 
a) t I no.osGao.esN-K'jrB^SSnnOA^^ST 
yH-r#iff#F«tti6 (#F87ffl> , MgK 
-rplAl B Ga,.„N(lU OSuSO. IT'*.-* 
T, (21 3lciK-f J:3lc?7 v K@fMtcfS]*^-C^^(; 
"74 H^r+ yT^UTV%&. MgiRg2X10' 7 c 
m-K mZOAvm) A^SrSpffiftffltiiWJS?, M 



gH-rplAl,.,Ga 0 . 9 N (Mg8t£2x 1 0 17 c 
m-*, mZOAum) P Si? 9 v Mg 

K-7pIGaN (Mgi8JK2x 1 0"cm-3, Jfr^o. 

2«m) *>^pi3^^ bm9zm<xss.g:mt 

\t. yyTJT&S.ZmWztf. GaNfflS, SiCS 

Wtezvmnwfozm^xhz.^. ttz. *«w*cfc^ 

[0067] <WC H5^Xvf-V^C<tO nmSSl 2 
Sr^-T^S nmxiV99 h®3 SrSP^WCSajS^c 
fg. Utbbtinma>99 hS±tcT i/A 1 

n^fiii 2*mm-h. less i o -e 

<75lfe^il OJitC, pI3^? Ml 9i:3>?7h$ 
tfTN i/Aua^Sr&P^Sffil lSr^-TS. 
[0068] 1 20)miVte3Mti&i*mtoi'—>f 

-Vm^izti:^ ±&mmzis^X%8ll2>#>!§tLX 
GaNi^A i 0 . , Ga 0 . 9 N^Ji^KSf 
itZit. 74 K^-r-yrfttfr-afc. «r*U=J:D. 01 
5fc^LfcJ: 3fc»«llEJW>4 2 3nm-C<i. ft^tiiW 

o^. mt&mmnmxvmftu-y'm^-izit^x 

3 3cm"' i>Ortg?8l**<«^L*:. 
[0069] 

[0ffi<?)fB*^lftHB] 

[01 1 *wm i mfc\'-*m?<7>mm.mffimx'jr> 

[02 ] HMfl^ 1 <7)^mWV— f&^FcOJO HfllSSr^ 
[03 ] %rni2<n^^-V&W*>Y1K&i:7K 

-tmx-bh. 

[04 1 mmm3<D*m#\>'— 

-T0T'AS. 

[05 ] 5lfifiW4c0^g|«c^— f SR^)^^ 

-$-0T*)&. 

[06] *J|W5<7)4 i 9f«El'-i>'5!l- : f-^''OH«tii^ 
•^0-C*)?.. 

[07 ] mmme^mt^V'— rmwo Hfiuts-^ 
[08] mtmi^m^-^^^yvmm^Tik 

[09 ] 3SttW8<^£#l'-1f*^^K«££^ 
•r0T*&. 

[010] IIMfiff9O4 i «*^-if* ; F<0^'<VH«iSSr 
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3.103 ngLzy?? hm 

4.104 ni;7 7 K« 

5.105 nSftPBtai^S 

6. 106 T>v-r$>mAT#wm&m 

7. 107 pmxmtz&m 

8. 108 pS;7 7K« 

9. 109 pl3^; 

10. iio 

11. Ill pSSE 

12. 112 ntBfii 

[02] 103] 




[0i 1 1 m&mi o<n*m#u-*fm=?<r)j<>)tim 

[012] HJfiCT 1 1 <W»fcU-lF*^V^ KflHS 
£*rf0"Ca&. 

[013] HSftffUl 2^^»«cU-1f*^cOA>'H«t5S 
[014] {¥^^«c^-1f*^t8iiBrffi0Tft 

[015] mimmt't^m#<o®WA*<7 b^zr* 

[013 
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